INTRODUCTION
Bacillus pantothenticus was described by Proom & Knight (1950) following a nutritional analysis of mesophilic soil isolates of Bacillus species. Strains requiring pantothenic acid were isolated from different soil samples, taken from widely separated localities in Southern England. They considered them as members of a species most closely resembling Bacillus circulans but distinct from it, and subsequent studies confirmed the validity of the species (Claus & Berkeley, 1986; Gordon et al., 1973; Logan & Berkeley, 1984) . Later isolations have been made from antacids (Claus & Berkeley, 1986) , food, water, bile and soil. Abbreviations: ARDRA, amplified rDNA restriction analysis; FAME, fatty acid methyl ester; UPGMA, unweighted pair group method with arithmetic averages.
The EMBLaccession numberforthe 165 rRNAgenesequenceof Virgibacillus proomii strain LMG 12370T determined in this work is AJ012667.
have indicated that B. pantothenticus lies at the periphery of rRNA group 1 of Ash et al. (1991) (Bacillus sensu stricto). Following amplified rDNA restriction analysis (ARDRA) and a polyphasic study, the new genus Virgibacillus (Heyndrickx et al., 1998) was proposed to accommodate B. pantothenticus and two related organisms which appeared to belong to an as yet undescribed new species. Polyphasic taxonomic study of further isolates received as B. pantothenticus has confirmed the existence within Virgibacillus of a second species which we propose here as Virgibacillus proom ii.
METHODS
Strains and media. The designations of the strains, their origins and the different methods applied are shown in Table  1 . Unless otherwise stated, I/. pantothenticus strains were grown on Trypticase Soy agar (TSA) and the other Bacillus strains on nutrient agar with 1 % (w/v) glucose (NAG) at 30 "C for 24-48 h. The Bacillus dipsosauri strain was grown at 37 "C on TSA supplemented with 1 M KC1. The strains were checked for purity by plating and phase-contrast microscopy, and were maintained both as lyophilized cultures and as sporulated cultures on slopes of the appropriate above-mentioned medium containing 5 mg MnSO, . Virgibacillus proomii sp. nov. 1 Accession number for this strain is now LMG 18014.
1-1 (to enhance sporulation). Slopes were incubated for 48 h or longer, until spores could be observed by microscopy, then stored in the dark at 4 "C. DNA preparation. Total genomic DNA was purified for ARDRA using a slight modification of the method of Pitcher et al. (1 989), as described previously (Heyndrickx et al., 1996b (Heyndrickx et al., , 1998 . For DNA-DNA binding experiments and DNA base composition studies, DNA was prepared as described previously (Heyndrickx et al., 1996a) . ARDRA. Enzymically amplified 16s rDNA was obtained by PCR and analysed by restriction digestion with five restriction enzymes (HaeIII, DpnII, RsaI, BfaI and Tru9I) as described previously (Heyndrickx et al., 1996b) . The restriction patterns were analysed as described by Heyndrickx et al. (1998) . Percentage DNA-DNA binding. DNA-DNA binding reactions of representative strains of each species were determined spectrophotometrically by using the initial renaturation method of De and expressed as percentages, as described previously (Willems et al., 1989) . DNA base composition. Mean G + C contents were determined using the thermal denaturation method (De Ley & Van Muylem, 1963 ) and the equation of Marmur & Doty (1962) as modified by De Ley (1970) . The G + C content of Virgibacillus sp. LMG 17368 was measured using the method of Tamaoka & Komagata (1984) .
Gas chromatographic analysis of fatty acid methyl esters (FAMEs). Cells were grown and analysed as described by Heyndrickx et al. (1 998) , using the methods of Vauterin et al. (1991) . SDSPAGE of whole-cell proteins. Cells were obtained as described by Heyndrickx et al. (1998) , the SDS protein extracts prepared and electrophoresed according to Pot et al. (1994) , and the data collected and interpreted as described by Vauterin & Vauterin (1992) .
Phenotypic characterization and numerical analysis. Strains were grown and maintained on TSA plus MnSO,, and characterization and numerical analysis followed the methods of Logan & Berkeley (1984) , as described by Heyn-
165 rDNA sequencing. A fragment of the 16s rRNA gene (corresponding to positions 8-541 in the Escherichia coli numbering system) of V.proornii LMG 12370T was amplified by PCR using conserved primers (5'-AGAGTTTGAT-CCTGGCTGAG-3' and 5'-AAGGAGGTGATCCAGCC-GCA-3'). The PCR products were purified using a QIAquick PCR Purification kit (Qiagen) according to the manufacturer's instructions. Sequencing was performed using an Applied Biosystems 377 DNA sequencer and the protocols of the manufacturer (Perkin-Elmer) using the ABI Prism Dye Terminator Cycle Sequencing Ready Reaction kit. The sequencing primers used were as described by Coenye et al. (1999) . A dissimilarity matrix was constructed. The sequences of strains belonging to the same phylogenetic group were retrieved from the EMBL database and aligned with the consensus sequence via the TREECON software ( Van de Peer & De Wachter, 1997) . A FASTA search (Pearson & Lipman, 1988) was also completed via the EMBL sequence data base.
RESULTS AND DISCUSSION
The 14 Virgibacillus strains were separated from all the other organisms studied in the numerical analysis of their combined ARDRA patterns, and were subdivided into two groups (Fig. 1) Numerical analysis of SDS-PAGE patterns of wholecell proteins (Fig. 2) showed a similar arrangement of the Virgibacillus strains (except for strain LMG 12366) to that seen with ARDRA ( Fig. 1) : a large group (nine strains), including V. pantothenticus LMG 7 129*, showed identical protein patterns (similarity level of at least 89 %), and the four strains LMG 12370, 12371, 17368 and 17369 showed 8 8 % similarity and linked with the larger Virgibacillus group at 76 % similarity. The one exception was V. pantothenticus LMG 12366, which was the nearest neighbour of the larger group of nine strains at 78 % similarity. The aberrant clustering of this strain with respect to the ARDRA picture was merely caused by a dense protein band with a molecular mass of 5.6 x lo4 Da. Indeed, by exclusion of this band from numerical analysis (Costas, 1992) , this strain clustered within the group of nine strains containing the V. pantothentieus type strain (not shown). Fatty acid profiles of the Virgibacillus strains are shown in Table 3 . Although the profiles of both groups of strains show the major fatty acids to be iso-C,,:, and anteiso-C,,,,, the ratios of these major components are quite different in each group; in V. pantothenticus the ratio is about 1 : 3, and in V. proomii it is 1 : 1. Furthermore, iso-C13:, is always lower than 0.5 YO of total fatty acids in V. pantothenticus, whilst it is at least 1 % in V. proomii. Virgibacillus proomii sp. nov. In the numerical analysis of API tests and other phenotypic characters (Fig. 3) , the Virgibacillus strains were divided into two distinct clusters which merged at 77.5 Yo S,. The larger of the two Virgibacillus clusters formed at 85 YO S,, and contained the same 10 strains that clustered together in the ARDRA (Fig. 1) terminal, sometimes subterminal, positions in swollen sporangia (Fig. 4) . After 2 d on TSA colonies are 1 4 mm in diameter, low convex, circular and slightly irregular, butyrous (sometimes slightly tenacious when , and anteiso-C,,: , , present in about equal amounts. iso-C,,:, is always present at a level of more than 0.5 YO of the total fatty acids. The G + C content is 37 mol% for the type strain, LMG 12370T, and 36.8 mol% for strain LMG 17368; the 16s rRNA sequence of the type strain is deposited at EMBL under accession number AJO 12667. In the variable characters listed above, the type strain is weak for hydrolysis of gelatin; and acid without gas is produced from methyl a-D-glucoside, starch and sucrose, but not from amygdalin, cellobiose, gluconate, glycogen and rhamnose. Virgibacillus pan tot hen ticus (pan. to. then' tic. us. M . L. acidum pantothenticum pantothenic acid ; M.L. adj. pan to then ticus relating to pantothenic acid). Cells are motile, Gram-positive, usually long, rods (0-5-0-7 by 2-8 mm) which sometimes, especially in older cultures, form chains and/or filaments. They bear spherical to ellipsoidal endospores which lie in terminal, sometimes subterminal, positions in swollen sporangia. After 2 d on TSA colonies are 1-4 mm in diameter, low convex, circular and slightly irregular, butyrous (sometimes slightly tenacious when cells form filaments), creamy-grey and almost opaque with an eggshell or glossy appearance ; the appearance under x 10 magnification is reminiscent of white soapflakes in a greyish matrix. After 4 d colonies smell of ammonia and are 5-10 mm in diameter with lobed and/or fimbriate margins. Organisms are facultatively anaerobic and catalase-positive. They have a nutritional requirement for pantothenic acid, thiamin, biotin and amino acids. The Voges-Proskauer reaction is negative. Hydrogen sulphide is usually not produced, but a few strains give weak positive reactions in the API 20E strip; a few strains also give positive reactions for arginine dihydrolase, citrate utilization, and o-nitrophenyl P-D-galactoside in the API 20E strip. Indole is not produced. Nitrate reduction to nitrite is variable. Hydrolysis of aesculin and of casein positive ; hydrolysis of gelatin usually positive. Growth is stimulated by 4 % NaCl and not inhibited by 10% NaC1. Growth may occur between 15 and 50 "C, with an optimum of about 37 "C. Acid without gas is produced from the following carbohydrates : N-acetylglucosamine, D-arabinose, arbutin, D-fructose, galactose, D-glucose, glycerol, maltose, D-mannose, methyl a-D-glucoside, rhamnose, ribose, salicin, starch, sucrose, D-tagatose, trehalose and D-turanose. Acid production from the following carbohydrates is variable : amygdalin, cellobiose, L-fucose, P-gentiobiose, gluconate, lactose, methyl a-D-mannoside and sorbitol. Acid is not produced from the following carbohydrates : adonitol, L-arabinose, D-or L-arabitol, dulci t 01, ery thritol, D-fuco se, glycogen, ino si t 01, inulin, 2-keto-~-gluconate, 5-keto-~-gluconate, D-lyxose, mannitol, D-melibiose, D-melezitose, methylxyloside, D-raffinose, L-sorbose, xylitol or D-or L-xylose. The major cellular fatty acids are iso-C,,: , and anteiso-C,,:, in a ratio of 1 : 3 ; iso-C,,,, is present at a level of less than 0.5% of the total fatty acid content. The major quinone is menaquinone 7 (Watanuki & Aida, 1972) . Murein of the type strain has been reported as rneso-DAP direct type (Claus & Berkeley, 1986) . The G + C content is 36.9 mol YO for the type strain, LMG 7129T. In the variable characters listed above, its reactions are positive for H,S production (weak), citrate utilization, gelatin hydrolysis, and production of acid without gas from amygdalin, cellobiose and methyl a-D-mannoside ; its reactions are negative for arginine dihydrolase, nitrate reduction, ONPG, and production of acid without gas from L-fucose, P-gentiobiose, gluconate, lactose and sorbitol.
